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SWEEPBACK AND AN ASPECT RATIO OF 10

By Bruce E. Tinling end Armando E. Lopez
SUMMARY

An investigation has been conducted to evaluate the effects of
nacelles and of extended split flapes on the longitudinsel charsascteristics
of a wing-fuselage-tail combination of a type believed suitgble for
long-range high-speed airplanes. The wing, which was cambered and
twisted, had an aspect ratio of 10, a taper ratio of 0.4, and L40° of
sweepback. The nacelles were at 25 and 50 percent of the semispan.

Wind~-tunnel tests to study the effects of the nacelles were con-
ducted at Mach numbers up to 0.90 at a wing Reynolds number of 2,000,000.
Tests to evaluste the effects of flaps were conducted at a Reynolds
number of 4,000,000 end & Mach number of 0.082.

The combined frontal area of the nacelles was equal to sbout 1-1/2
times that of the fuselage. The drag increment ceused by the nacelles
at low speed was equal to that caused by the fuselage but was much
greater than the drag Iincrement due to the fuselage at the higher Mach
numbers. The nacelles caused reductions in both the wing and tail
contributions to the static longitudinsl stsbility.

The maximum 1ift coefficient for which the statlic longitudinal
stability remained nearly constant and for which the model eould be
balenced was increased from sbout 1.2 at an angle of attack of 17° to
gbout 1.5 at an angle of attack of 15° by deflecting the half-span
extended split flaps 30°.
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INTROPDUCTION

The serodynasmic problems associated with long-range alrplanes

designed to fly at high subsonic speeds have bheen the sublect of an
investigation in the Ames 12-foot pressure wind tunnel. The longltu-
dinal characteristics of a model of a wing-fuselage-tail cowmbination
believed to be sultable for this gpplication have been presented in
references 1 through 3. The present report is concerned with the
effects of nascelles at Mach numbers up to 0.90 and of flaps at low speed
on the longltudinal serodynamic characteristics of this configuration.
The tests to study the effects of nacelles were conducted at a Reynolds
nunber of 2,000,000, and the tests to study the effects of flaps were
conducted at a Reynolds number of 4,000,000.

mlo

NOTATION

Symbols and Parameters

2
geometric aspect ratio, gg

mean-line designation, fraction of chord over which design
load is uniform

wing semlspsn perpendicular to the plane of symmetry

dra,
drag coefficient, g

profile drag coefficlent, assuming elllptical span load

GLZ
distribution, Cp - :ar

1ift

1lift coefficient,
as

pltching-moment coefficient about the quarter point of the

hing t
mesn aerodynsmic chord, pite S_momen
qsSc

(See fig. 1(a) for location of wing moment center with
respect to the fuselage.)

locel chord parsllel to the plane of symmetry

<
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ct

[e]}

local chord normal to the reference sweep line

o c2dy

mean gerodynsmic chord,
2
ig c dy

design sectlon 11ft coefficient

incidence of the horizontal taill with respect to the wing-
root chord

tail length, distance between the quarter points of the mean
aerodynamic chords of the wing and the horizontal tail

free-stream Mach number

free-stream dynamic pressure

Reynolds number, based on the wing mean aerodynamic chord
ares of semispan wing, flaps off

wing section maximum thickness

lateral distance from the plane of symmetry

vertical distance from the plane of the wing-root chord and
leading edge to the horizontal-tail hinge axis

angle of attack of the wing chord at the plane of symmetry
(referred to herein as the wing-root chord)

flap angle, measured relative to the local chord 1n planes
normal to the reference sweep line

nacelle inclination, the angle between the root chord and the
projection of the thrust axis on the plane of symmetry,
positive, nose up

effective average downwash angle

angle of locel wing chord relative to the wing-root chord,
positive for washin, measured in planes parallel to the
plane of symmetry

“-i
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¢
%?g " tall effectiveness parameter, measured at a constant angle
t of attack
Ay
i B tall efficiency factor (ratio of the lift-curve slope of the
horizontal tall when mounted on the fuselage in the flow
fleld of the wing to the lift-curve slope of the isolated
horizontal teil)
Subsecript
t horizontal tail
MODEL

The geometry of the model i1s shown in figures 1(a) through 1l(e)
and in table I. The selection of the geometric properties and the
detalls of the construction of the wing, the fences, the all-movable
horizontael tall, and the fuselage have been dilscussed in references
1 and 2.

The shape snd size of the nacelles (fig. 1(c)), as well as thelr
location with respect to the plane of the wing-root chord and leading
edge; were governed to a conslderable extent by considerations other
than serodynamic. These conslderations lncluded space requirements for
electric motors and gear boxes for driving model propellers, and pro-
visions for access and removal of these units without Ilmpairing the
strength of the wing. Therefore, the serodynemic qualities of the
nacelles 1n regard to drag and interference effects have probably been
compromised to some extent. The angles of inclinatlon of the nacelles
with respect to the wing were selected to reduce the propeller vibra-
tory stresses as discussed in reference k.

The extended split flaps consisted of 1/8-inch-thick sluminum plates
attached to the trailing edge of the wing. (See fig. 1(e).) The flaps
were supported by fixed brackets from the lower surface of the wing and
had a chord equael to 20 percent of the wing chord, messured perpendicular
to the reference sweep line. The flaps extended spanwise from the fuse-
lage to the outer nacelle. The gaps between the flap and the wing
trailling edge, nacelles, and fuselage were sealed.

A photograph of the model mounted in the wind tunnel is shown in
figure 2. The turntable upon which the model was mounted is directly
connected to the balance system.
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CORRECTIONS TO DATA

The data have been corrected for constriction effects due to the
presence of the tunnel walls, for tunnel-wall interference originating
from 1ift on the wing, and for drag tares caused by aerodynamic forces
on the exposed portion of the turntable upon which the model was
mounted. The magnitudes of these corrections have been reported in
references 2 and k.

Measurements of the static pressure on the tunnel wells during the
tests at high angles of attack at the higher Mach numbers indicated a
locgl Mach number greater than 1.0. Dats cbtained under these conditions
have been faired with dotted iines to indicate that the wind tunnel may
have been partially choked.

The longitudinal characteristics of the wing-fuselage-nacelle
combination are presented in figure 3. Comperisons of these data with
those for the wing-fuselage combination are presented in figures L
through 7. In figures 3 and 5, the profile drag coefficient CD - CsznA

has been presented instead of the total drag coefficient. This method
of presentation permits the drag data to be plotted to a large scale
commensurate with the accuracy of the datae. To convert the profile drag
to total drag, it is merely necessary to add the theoretlcal induced
drag for en elliptical span load distribution Cp, = CL2/10 n  to the
plotted value of profile drag coefficient.

The addition of nacelles to the wing increased the lift-curve slope
by roughly 12 percent. (See fig. 6.) The effect of the nacelles on
the variation of pitching moment with 1ift may be seen from figure L.

As would be anticipated, the nacelles were destabllizing. The reduction
in longitudinal stebility throughout the Mach number range, as indicated
by the chenge in dC,/dC; for Cr = 0.k, is shown in figure 6.

The increase in drag and the reduction in maximum 1ift-drag ratio
caused by the addition of the nacelles is shown in figures 5, 6, and 7.
Drag datas for most of the combinations of components of the model have
also been included in figure 5. Inspection of these data shows that at
low speeds, the drag increment due to the nacelles is approximately equal
to that due to the fuselage. At the higher Mach numbers, the drag incre-
ment due to the nacelles was greater than that caused by the fuselszge.

It must be considered, however, that the combined frontal area of the

AR
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two nacelles was roughly 1-1/2 times that of the fuselage (see table I).
If the incremental drag coefficlents are based on frontal area, the
incremental drag coefficient of the nacelles for moderate 1ift coeffi~
cilents is less than that of the fuselage for Mach numbers less than 0.80.

The effects of the nacelles on the Mach number for drag divergence,
defined as the Mach mumber at which dCD/dM = 0.10, 1s shown in the
following table:

o Msach number for drag divergence
Wing-fuselage Wing-fuselage-~-nacelles

0.2 Not attained 0.85

'3 0‘89 .8)4'

.1‘[' .87 .83

] .83 .80

-6 o79 '76

-7 .73' ’70

BEffects of Tall Height

The results of g series of tests to evaluate the effects of a change
of wverticel location of the horizontal teil are presented in figure 8.
At low speed (fig. 8(a)), an increase in the 1lift coefflcient for
balance was the only effect of raising the tail from the plane of the
wing~root chord snd leading edge to 0.15 b/2 sbove this plane. At
higher Mach numbers (figs. 8(b) and 8(c)), the reduction in stsbility
in the upper l1ift-coefficlent range beceme more severe as the tall was
raised. At a Mach number of 0.80 (fig. 8(b}) this reduction was sguf-
ficient to cause longitudinal instebility at a 1ift coefficient of
about 0.7 for tail heights sbove the wing-chord plane.

Effects of Nacelles - Tail On

On the haslis of the data on the effects of tail height, the lowest
teil position z/(b/2) =0 was selected for a study of the effects of
nacelles on the tail-on longitudinal characteristics at Mach numbers of
0.25, 0.80, snd 0.90. Lift and pitching-moment data for several tail
incidences with the tail in thils position are presented in figure Q.
The effective downwash angles were evalusted fram these data by the
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method of reference 5. These effective downwash angles are compared
with those for the same configuration without nacelles (ref. 2) in
figure 10.

Measurements of the piitching-moment-curve slopes from figure 4 for
moderate 1ift coefficients indicate that at Mach numbers up to 0.80, the
reduction in static margin caused by the nacelles (indicated by a more
positive value of dqm/dCL) is greater with the tail on than with the
tail off by a factor of ghout 2. This difference cean be explained by
examination of the effects of the nacelles on the factors which comprise
the contribution of the horizontal tall to the pitiching-moment-curve
slope. This contribution, neglecting the lncrement in lift-curve slope

A <+ +1 he) ]
due to the horizomtal tail, 1s proportiocmsl to

(dCL/;zfziji)tff [U(Qt/Q{] [1 - (de/aa)]

The varlations of these factors with 1ift coefficilent for Mach numbers
of 0.25 and 0.80 are shown in figure 11. The values of the lift-curve
slope of the isolated horizomtal tail (dCyp/da}y were obtained from
reference 2, and ﬂ(Qt/Q) was calculated by the same method as in
reference 5. At & Mach number of 0.25 (fig. 11(a)), the reduction in
the stability contribution of the horizontal tall caused by the nacelles
for 1ift coefficients less than gbout 0.9 was a result of decreasses in

ac; /aa (dcp /aa)

( GL/ )t and 1 - (de/da). The decrease in ‘L L
(GCr/dn) tg11 off (dCp,/dx) ga31 ofF
merely reflects the effect of the increase 1n lift-curve slope caused
by the nacelles, since (dCL/da)t is the lift~curve slope of the

isolated horizontal tail. At a Mach mummber of 0.80 and 1ift coefficlents
less than about 0.6, the nacelles caused & small decrease in n(qt/q)

in addition to decreases in the other factors. (See fig. 11(b)).

Effects of Flaps

The increase in maximum 1ift coefficient and the reduction in the
angle of attack required to attain a given 1ift coefficilent resulting
from deflection of the half-span extended split flgps are shown 1in
figure 12. A deflection of 60° of the flaps increased the meximum 1ift
coefficient of the wing-fuselage combination from sbout 1.3 o 1.6.
Deflection of the flaps caused little change in either the slope of the
tail~off pltching-moment curves or the tail-off pitching-moment coeffi-
cient for 1ift coefficients greater than sbout 0.6. The lift-drag ratio

—
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was lmproved by deflection of the flaps at 1ift coefficlents grester
than sbout 1.15 (see Ffig. 13).

Data obtalned to study the effects of extended split flaps on the
1ift and pitching-moment coefflcients with the horizontal tail at either
z/(v/2) =0 or z/(b/2) = 0.10 are presented in figures 1k and 15,
respectively. A deflection of 30° of the flaps increased the maxinum
1ift coefficient for which the model could be balanced and for which
the static longitudinal stability remained nearly constant from about
1.2 at an angle of attack of 17° to 1.5 at an angle of attack of 15°.
The incresse in 1lift coefficlent attributable to the fleps at a given
landing ettitude can be shown by comparing the 1ift coefficient for
balance for an angle of abttack of 12° with the flaps up with that for
the same angle of stback with the flsps deflected 30°. At this angle
of attack, the 1lift coefflcient at which the model was balanced with
the fleps up was 0.90. (See fig. 1lli(a) or 15(a).) With the flsps
deflected 30° (fig. 14(b) or 15(b)), the 1lift coefficient for balance
was gbout 1.35. '

Comparison of figures 1li(a) and 1L4(b) or 15(a) and 15(b) indicates
that deflection of the flaps reduced the static margln by sgbout 0.06
and caused a large nose~up pitching moment. The Jecrease in stetic
mergin was caused by an iIncreasse in the lift-curve slope of the wing
(a consequence of the increased area with the flaps deflected) and by an
increase in defda (fig. 16), both of which decreased the stability
contribution of the horizontal tail. Deflection of the flaps had no
effect on the taill effectiveness parameter chﬁait and, hence, no
effect on the tall efflciency factor n(qt/q). The incresse in downwash
angle (fig. 16) caused the large nose-up pitching moment accompanying
deflection of the flgps.

CONCLUDING REMARKS

The results of wind-tunnel tests to evaluate the effects of nacelles
and of extended split flaps on the longitudinal characteristics of a
wing-fuselage-tail combiration having a wing with 40° of sweepback and
an aspect ratio of 10 have been presented.

The results indicate that the nacelles, which hsad & combined frontal
area equsel to about 1-1/2 times that of the fuselasge, caused a drag
increment at low speeds which was spproximstely equel to that of the
fuselage. At the higher Mach numbers, the drag increment caused by the
nacelles was considerably greater than that caused by the fuselage. The
nacelles reduced the static longitudinal stebility of the wing-fuselage
conmbination and also reduced the stabillity contribution of the horizontal

tail.
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The meximum 11ft coefflcient for which the static longitudinsl
stebllity remsined nearly constent and for which the model could be
balanced was increased from sbout 1.2 to 1.5 by 30° deflection of the
half-span extended split flaps. The corresponding angles of attack
were sbout 17° with the flaps up and 15° with the flaps deflected.

Ames Aerongutical Laborsatory
National Advisory Committee for Aeronautics
Moffett Fileld, Calif.
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TABLE I.- GEOMETRIC PROPERTIES OF THE MODEL

Wing

Incidence (measured in the plane of symmetry) « s o o o 30
Nacelles
Frontal area (each) . L] * . L] L ] L L J L e L] - L . - L J L] . 0 - 208 ftz
Inclination,
In-n'er - - . L] . L] a L ] . - . - L] L L ] - L] - - L ] [ ] [ - - —6 - 50
Outer L] - L] . * - - L L - L] L L L] - . L] [ ] L] L] L] . - L J -7 L 00
JEorizontal Teil
Reference sweep line: Locus of quarter chords of sections inclined
Lo9 to the plane of symmetry
Aspect ratio . . ¢« ¢ . . . e e s e 8 o o e o o o @ « o . 4.5
Taper ratio - - a [ ] - L - - - - L] L . L ] L ] L] L] L] * L ] L ] * . L] L] O * ]+
Sweepback L . L ] - L] L - -« L] - L] - L - L] - . L L] - .l - - L] L] L "l‘oo
Reference section « ¢ ¢ ¢« ¢ ¢ ¢ o ¢ o o o s s o o ¢ o o o NACA 0010
Tail length, lt e @ ¢ e e ® ¢ & & * 3 e+ ° 6 & s s € o » o 3.258
Area (semispen model) « ¢ « o 2 o o o o o« « « ¢ o o o o » 1,387 £t2
Mean aerodynamic chord e e e o & o s s e s 6 o s s s 0.833 £t
Tail volm, Z.t/c (St/Sw) ¢ ¢ @ & ® e @& & ® ° 8 € @ & o 0065

Reference sweep line: Locus of the quarter chords of sections
inclined 40° to the plane of symmetry

Aspect T8EI0 o ¢« ¢ ¢ ¢ o ¢ 2 o o o & 2 e ¢ o e o v e e s e e 10.0
TOPET TALIO « o o o « « o o o o o o o o o s o ¢ o o s o o o 0.4
SweepbscKk <« « o e e e e 6 o o a o e 8 e o s s e e e s s 4o©
Twist (washout at tip) e o ¢ &t & & 8 6 8 & s s o s s e e o s 50

Reference sectlons (normal to reference sweep line)

MTA A f___aso

ROOt o 4 « o« « o« « o o« « o o« HNACA 001k, a=0.8 (modif
TID &« « o « ¢ « ¢« « « « « « NACA 0011, &=0.8 (mcdified) czi==o.h

Area (semispan MOAEl) .« % « o« o o o o o o o o o o o o o 6.94k £t2
Mean aerodynamic chard « « « ¢ « o o « e e o s o s e @ 1.251 £t
Flaps {20 percent ¢! extending from trailing edge)

AT€B ¢ v ¢ « o o o o o = o e o s s o o v s o a o o o 0.696 £t2

C,,=0.k
13 .

\-f

Tell heights (measured from the interseciion of the fuselage
center line and the plamne of the wing-root chord and
leading edge) 2/(P/2) « « ¢+ « ¢+ ¢ ¢« =« « « « O, 0.05, 0.10, or 0.15

e A
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TABIE I.~- GEOMETRIC PROPERTIES CF THE MODEL - Concluded

Fuselage

Fmeness ratio L ] L] L L] L - L - L] - - - L L d L] - * L] L] - L] L 2 12 - 6
Frontal area (semispan model) « « o « « « « o o ¢ ¢ « « « 0.273 £t2
Fuselage coordinsates:

Distance from
nose, in. Radius, in.

0
1.27
2.5h

L ]
FoOu &

oqmmmwooéggpwwmo

W~ WMo O

Ooww -l:‘-F‘-F-“-F‘y'IEJlUl\ﬂ EWNoHEO
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All dimensions in inches unless otherwise specified

Airfoil sections, fuselage coordinales, ond values
of pertinent geomelric paramelers are given in

Fences
foble I. {See fig. /(d))

Nacelles

. ﬂf\?
— T 1
<————39.44————-|/ _Moment center /&: 29/
20° 40°%!
000 > 1,"4&75 >
Hinge axes I 4.
—2.33 e L ?01{‘0.6‘0
I 2
/‘,_'r‘-,.#m- - 2 - - ——i——'
\-\-\-‘ ? ) i + ’ __/}Jfﬂ"
126,00 »

(a) Dimensions,

Figure l.~ Geometry of the model.
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Fraction of m‘spm,b—;z—

() Wing twist and thickness-chord ratio.

Pigure 1.~ Continued.

Angle of twist, &, deg
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Al dimensions are In inches unless olherwise nofed,
—59° - Plane of root chord and L.E. of wing

MNacelle coordinates

Sta

/i

Sta

Iz

=500
—479
—458
~425
—-395
~325
-255
—1.80
- .80
o
200
1200

0
285
567
788
95/

l.242
1472
1.670
1.87/1
1.985
&.100

2./100

I BT A —_—————— Local chord line axtended
—65° | 1
1 7, ] 224 e e
1 H 7.75 ¥ 4 _ )
B0 /4.00——" 1
Prop Inngr nacelle
¢
"_zaﬂ 7- ™ ::':‘*M T
N e T R |
i —_ L1757 _d - _ =
Ste 00 ’
+ 47.25 »
Outer nacelle
Ui ]
Thrust axls ——— —
e 7e
Sta 0.0 Sta 8,00 Sta 2400

(¢) Dimensions of nacelles.

Flgure 1.~ Continued.

p

Sta 36,00

200
300
400
500
6.00
o0
800
800
1000
11.00
3050
3250
J450
36.50
38.50
4050
41.50

42.25

0.350
419
616
/9

1.290
1 685

2056

2359

2666

2625

2.625

2450

2220

1.825
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Figure 2.~ Model mounted in the wind tunnel.
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Figure 3.- The 1lif6, drag, and pitching-moment coefflclents of the wing-fuselage-
nacelle combination.
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-04 =08 for M=0./65
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Figure 3.~ Continued.
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Figure 4.- The effects of the nacelles on the pitching-moment coefficients.
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